Luteimicrobium xylanilyticum sp. nov., isolated from the gut of a long-horned beetle, Massicus raddei A novel strain, designated W-15 T , was isolated from the gut of a long-horned beetle, Massicus raddei, collected in South Korea. Phylogenetic analysis based on 16S rRNA gene sequences revealed that the strains belonged to the suborder Micrococcineae. Strain W-15 T was most closely related to Luteimicrobium album RI148-Li105 T (97.9 % similarity). Strain W-15 T was Gram-stain-positive, rod-and coccus-shaped and non-motile. Growth was observed at 15-37 6C, at pH 4.5-8.5 and in the presence of 0-5.0 % NaCl. The cell-wall peptidoglycan of the strain was A4a (L-Lys-D-Ser-D-Asp). The major menaquinone present in this strain was MK-8 (H 2 ) and the major cellular fatty acids were anteiso-C 15 : 0 , iso-C 16 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 . The major polar lipids were diphosphatidylglycerol, phosphatidylinositol, an unknown lipid, an unknown phospholipid and an unknown phosphoglycolipid. The G+C content of genomic DNA of the strain was 73.8 mol%. On the basis of evidence from our polyphasic taxonomic study, strain W-15 T is classified as representing a novel species in the suborder Micrococcineae, for which the name Luteimicrobium xylanilyticum sp. nov. is proposed. The type strain of this species is strain W-15 T (5KCTC 19882 T 5JCM 18090 T ).
In the course of screening for exo-enzyme-producing microorganisms from the guts of insects, several novel bacterial strains that belong to the class Actinobacteria have been isolated from a wood-feeding insect. Among them, a xylandegrading strain, designated W-15 T , was further studied by genomic DNA sequencing and it was revealed that the strain possess at least four xylanases in its genome (D. S. Park and K. S. Bae). Phylogenetic analysis based on the 16S rRNA gene sequences revealed that strain W-15 T was placed in the cluster of the family Cellulomonadaceae with Luteimicrobium album as a closest neighbour. The members of the genus Luteimicrobium are Gram-stain-positive, aerobic or facultatively anaerobic, with A4a peptidoglycan, and MK-8(H 2 ) and/or MK-9(H 2 ) as the major menaquinone(s) (Hamada et al., 2010 (Hamada et al., , 2012 . These phenotypic features of strain W-15 T are in accordance with those of the members of the genus Luteimicrobium. In this paper, we describe the taxonomic position of strain W-15 T , determined through phylogenetic and phenotypic characterization, as representing a novel species of the genus Luteimicrobium.
Strain W-15 T was isolated from the gut of the long-horned beetle, Massicus raddei, collected near the Daejeon district, in the Republic of Korea (36 u 219 440 N 127 u 139 300 E). A colony was selected from a xylanase activity test medium, tryptic soy agar (Difco) supplemented with 0.5 % birchwood xylan after incubation at 25 u C for 5 days. The isolate was subcultured on TSA at 25 u C for 3 days. The morphological, physiological and biochemical characteristics were examined using routine cultivation on TSA at 25 u C for 2 days. Gram staining was performed using a Gram stain set (Difco) according to the manufacturer's instructions. Anaerobic growth was tested on TSA incubated in a GasPak anaerobic system (BBL) for 7 days at 25 u C. The morphology, size of the cells and the presence of flagella were examined using differential interference contrast microscopy (Eclipse 80i; Nikon), scanning electron microscopy (S4300N; Hitachi) and transmission electron microscopy (CM20; Philips) of cells grown on TSA at 25 uC for 2 days. Gliding motility was investigated using the hanging drop method according to the protocol described by Bernardet et al. (2002) . Growth at various temperatures (4, 15, 25, 30, 37, 45 and 55 u C) was determined in TSB for 7 days. The pH range (pH 4.0-10.0, at intervals of 0.5 pH units) for growth was determined in tryptic soy broth (TSB; Bacto) that was buffered with citric acid/sodium citrate at pH 4.0-5.0, Na 2 HPO 4 /NaH 2 PO 4 at pH 6.0-8.0 or NaHCO 3 / Na 2 CO 3 at pH 9.0-10.0 and incubated at 25 u C for 7 days (Breznak & Costilow, 1994) . Growth with 0, 0.5, 1, 2, 3, 4, 5 and 10 % (w/v) NaCl was investigated in nutrient broth (Difco) . The presence of oxidase and catalase was determined with Oxy-swab (bioMérieux) and by the production of oxygen bubbles in 3 % (v/v) H 2 O 2 on cultures growing on TSA. The strains were characterized biochemically using API kits (API20E, API50CHB, APIZYM; bioMérieux) in accordance with the manufacturer's instructions. Hydrolysis of casein, CM-cellulose, starch, phenylalanine, hypoxanthine, xanthine and adenine were determined according to the methods of Smibert & Krieg (1994) . Susceptibility to antibiotics was tested on TSA plates using Sensi discs (BBL) containing the following antibiotics: clarithromycin (15 mg), ceftriaxone (30 mg), amoxicillin clavulanic acid (30 mg), minocycline (30 mg), imipenem (10 mg), carbencillin (100 mg), trimethoprim (5 mg), lincomycin (15 mg), nalidixic acid (30 mg), tetracycline (30 mg), sulfamethoxazole (50 mg), neomycin (30 mg), chloramphenicol (30 mg), kanamycin (30 mg), vancomycin (30 mg), amikacin (30 mg) and ampicillin (10 mg).
The cells of strain W-15 T were facultatively anaerobic, Gram-stain-positive, with short-rod to coccus morphology ( Fig. S1 available in the online Supplementary Material), and non-motile. Growth occurred at 15-37 u C and no growth was observed at 4 u C or 50 u C. The pH range for growth was pH 4.5-8.5. Growth was observed in the presence of 0-5.0 % NaCl. The optimum growth was noted at 25-30 u C, pH 6.5-7.5 and 1.0 % NaCl. The cell size of strain W-15 T was 0.7-1.260.4-0.5 mm (Fig. S1 ). The strain was positive for the Voges-Proskauer reaction, catalase and oxidase and hydrolysis of aesculin, casein and starch, and negative for indole production and urease and hydrolysis of phenylalanine, cellulose, hypoxanthine, xanthine and adenine. It was susceptible to amikacin, ampicillin ceftriaxone, carbenicillin, clarithromycin, amoxicillin clavulanic Table 1 . Differential phenotypic characteristics of strain W-15 T and species of the genus Luteimicrobium Strains: 1, W-15 T ; 2, Luteimicrobium album RI148-Li105 T (data from Hamada et al., 2012) ; 3, Luteimicrobium subarcticum R19-04 T (Hamada et al., 2010) . +, Positive; 2, negative; W, weakly positive; ND, not detected. All strains were positive for acid production from D-xylose, galactose, glucose, mannose, aesculin, cellobiose and sucrose, positive for enzyme activities of leucine arylamidase and b-glucosidase and negative for alkaline phosphatase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase. DPG, diphosphatidylglycerol; GL, glycolipid; PG, phosphatidylglycerol; PI, phosphatidylinositol; PIM, phosphatidylinositol mannoside; UPGL, unknown phosphoglycolipid; UPL, unknown phospholipid.
Characteristic 1 2 3
Temperature range for growth ( u C) 15-37 10-37 10-35 Catalase acid, kanamycin, minocycline, imipenem, vancomycin neomycin and chloramphenicol but resistant to lincomycin, sulfamethoxazole, tetracycline, trimethoprim and nalidixic acid. Other physiological and biochemical characteristics of strain W-15 T are given in the species description and in Table 1 .
A cell biomass for chemotaxonomic analysis was obtained from a culture grown in TSB or on TSA at 25 u C for 2 days. Standardization of the physiological age of all cells used in the fatty acids analysis was made by choice of the second and third sector from a quadrant streak as described by Sasser (2001) . Chromosomal DNA was isolated and purified according to the method described by Sambrook et al. (1989) . The 16S rRNA gene was amplified by PCR using two universal primers 27F and 1492R. Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as described by Kim et al. (2012) . The peptidoglycan structure was determined using hydrolysates of purified cell walls according to the method of Schumann (2011) by the Identification Services of the DSMZ. Wholecell sugars were analysed using TLC according to the method described by Komagata & Suzuki (1987) . Isoprenoid quinones were analysed as described by Komagata & Suzuki (1987) and using HPLC (LC-20AT; Shimadzu) and a reversed-phase column (ODS-A, 15064.6 mm; YMC). Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) . Fatty acids were extracted and fatty acid methyl esters were prepared according to the standard protocol of the MIDI/Hewlett Packard microbial identification system (Sasser, 2001) . The DNA G+C content was determined by the method of Tamaoka & Komagata (1984) . DNA-DNA hybridization was performed in triplicate with DNA probes labelled (all tested strains) with photobiotin (A1935; Sigma) in a 96well microplate as described by Ezaki et al. (1989) , using a Fluoroskan Ascent Microplate Fluorometer (Thermo Scientific). The hybridization temperature was 55 u C.
The almost complete 16S rRNA gene sequence of strain W-15 T determined in this study comprised 1461 nt. Strain W-15 T showed the highest 16S rRNA gene sequence similarities to L. album RI148-Li105 T (97.9 %), Cellulosimicrobium cellulans DSM 43879 T (97.2 %) and Cellulosimicrobium funkei ATCC BAA-899 T (97.2 %) . The similarity to Luteimicrobium subarcticum was 96.0 %. The neighbourjoining tree (Fig. 1) showed that strain W-15 T formed a clade together with L. album RI148-Li105 T . The results of the phylogenetic analysis of the 16S rRNA gene sequence indicated that strain W-15 T was related to the genus Luteimicrobium. Peptidoglycan of strain W-15 T contained the amino acids lysine, alanine, serine, aspartic acid and glutamic acid in an approximate molar ratio of 1.0 : 1.5 : 0.9 : 1.0 : 1.0. The partial acid hydrolysate (4 M HCl, 452min, 100 u C) contained the peptides L-Ala-D-Glu, L-Lys-D-Ser, L-Lys-D-Ser-D-Ala and L-Lys-D-Ala. From these data it was concluded that the peptidoglycan of strain W-15 T is of type A4a (L-Lys-D-Ser-D-Asp; DSMZ type A11.37, http://www.dsmz.de/catalogues/cataloguemicroorganisms/specific-catalogues/peptidoglycans.html).
The whole-cell sugars of the strain were galactose and ribose. Strain W-15 T contained MK-8 (H 2 ) (82 %) as the major menaquinone, with a minor amount of MK-9 (H 2 ) (18 %). The polar lipids of the strain were diphosphatidylglycerol, phosphatidylinositol, an unknown lipid, an unknown phospholipid and an unknown phosphoglycolipid (Fig.  S2) . The predominant cellular fatty acids of the strain were anteiso-C 15 : 0 (55 %), iso-C 16 : 0 (13 %), iso-C 15 : 0 (12 %) and anteiso-C 17 : 0 (10 %) (Table S1 ). The DNA G+C content of strain W-15 T was 73.8 mol%. The hybridization results for strains W-15 T , L. album RI148-Li105 T , C. cellulans KCTC 1771 T and C. funkei JCM 14302 T , showed that the degree of DNA-DNA relatedness was less than 58 % between the strains ( Cells are short-rod-to coccoid-shaped, 0.7-1.260.4-0.5 mm in size and non-motile. Colonies grown on TSA for 3 days are circular and yellow in colour. Grows at 15-37 u C (optimum 25-30 uC), pH 4.5-8.5 (optimum pH 6.5-7.5) and with 0-5.0 % (w/v) NaCl (optimum 1.0 %). Nitrate is reduced to nitrite. Casein, starch and aesculin are hydrolysed, but CM-cellulose, hypoxanthine and xanthine are not. The whole-cell sugars are galactose and ribose. The polar lipid profile contains diphosphatidylglycerol, phosphatidylinositol, an unknown lipid, an unknown phospholipid and an unknown phosphoglycolipid. The menaquinones are MK-8(H 2 ) and MK-9(H 2 ). Major fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 . Biochemical and physiological characteristics are listed in Table 1 .
The type strain, W-15 T (5KCTC 19882 T 5JCM 18090 T ), was isolated from the gut of a long-horned beetle, Massicus raddei, collected in South Korea. The DNA G+C content of the type strain is 73.8 mol%. 
